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Exposure of alkali-halide crystal surfaces and alkali-meza! surfaces 1o nitrogen- and carbon-containing gases is fovnd 10 greatly
enhance election- and photon-stimulated desorption (ESD, PSD) of excited CN. The observations that the desorption yield of ON*
grows as 3 function of surface exposure 10 CO, and N, gases provide strong insight into the origin of the desorbed CN and the
desorption process itself. In addition. the data unambiguously show that pre-irradiation of the atkali-halide surface by electrons or
photons is required for this dose-dependent enhancement o occur. The rate of the growth is found to be correlated to the alkali
component of the atkali-halide substrate. On the basis of this work we present a new model to explain electronic desorption of
excited molecules from alkali-halide surfaces. The model invoives three processes: (1) pre-irradiation produces afkali metal-rich
surfaces via defect-mediaced processes, (2) when the surface :s exposed to CO, aad N,, surface reactions generate CN molecules
bonded to the alkali-rich surface, and (3) electron ¢r photen bomdardment induces the desorption of excited CN molecules from

the surface by direct bondbreaking.

1. Introduction

Bombardment of alkali-halide surfaces with
electrons and with UV synchrotron radiation pro-
duces optical emissions which arise from: (a) des-
orbed excited molecules and atoms, (b) excited
bulk-impurities, and/or (c) defect recombination
in the bulk material (bulk luminescence). Meas-
urements of these spectra permit one to deter-
mine final states of excited neutral desorbaies, to
interrelate surface and bulk dynamical processes,
and thus to elucidate mechanisms responsible for
adsorption and desorption phenomena {1].

' Present-address: Qak Ridge Nationaf{ {aboratory, MS-6142,
P.0. Box 2008 Oak Ridge, TN 37831-6142, USA.

Atomic or mofecular adsorbates on surfaces
may originate cither by the migration of atoms,
molecules, or defects from inside the bulk to the
surface or by the adsorption of atoms or molecules
from external sources. We utilize the techniques
of elec:ron- and photon-stimulated desorption to
help distinquish between these two sources of
adsorbates. F?r example, photon-stimulated des-
orption of Hd/ from alkali fluorides has been
found to be dependent on photon-activated mi-
gration of an intrinsic hydrogen impunty to the
surface [2). For the case of ESD and PSD of Li
from LiF surfaces, F-center diffusion was identi-
fied as the means by which necutral lithium is
supplied to the surface [3] In contrast, some
desorption experiments require that the surface
be exposed to gaseous molecules, e.g., NO [4-7},

S
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CO (8), OH {9} and N, [10] desorption from me1al
surfaces. We note also that ESI? and PSD studies
are facilitated by knowledge of surface pareat
molecules.

In a previous paper, we reportec first meas-
urements of electron-stimulated desorption of ex-
cited CN from aikali h:.iide surfaces {11}, however
we did not identify the origin of the atomic com-
ponents of the desorbed excited CN. As dis-
cussed above, it is conceivable that this desorbed
species may originate either from migration from
the bulk, or fron: surface dosing, or both. We are
aided in this study by the fact that bulk intrirsic
impurity CN~ centers have been observed from
measurements of CN~ fluorescence under ion
(12] electron and photon {13] bombardmeat of
alkali-halides. From this information one can
speculate that a possible source of surface CN
adsorbates is the diffusion of these CN~ impun-
ties to the surface. However, when Nakagawa and
co-workers {14] monitored CN - impurity growth
in the near-surface bulk of alkali-halide crystals
by observing UV fluorescence while exposing the
surfaces to gaseous CO, and N, under short-
wavelength synchrotron undulator light, they
showed that surface CN may also migrate inlo
the bulk. Although there may be some contribu-
tion from the bulk, our present work provides
direct evidence that the exposure of alkali-halide
surfaces to gaseous CO, and N, provides the
primary source of adsorbates required for clec-
tron- and photon-stimulated desorption of ex-
cited CN molecules. More specifically, exposure
to gaseous molecules followed by dissociation and
recombination increases the surface concentra-
tior: of CN which acts as a source of CN * desorp-
tion.

Formaiion of adsorbates by the dissociation of
large molecules ot by the recombination of two
individually bound atoms or molecules has been
investigated in thermal desorption, and reviewed
by Zacharias [16]. Mod! and co-worker [15) found
that NO observed in thermal desorption arises
from the decomposition of NO, on a Ge(il1l)
surface. On the another hand, H, formation was
found to be due to the recombination of atomic
hydrogen on a Cu(110) surface (17}, and the source
of CO in thermal desorption to be the recombi-

nation of carbon and oxygen bound to a Pd(100)
surface (18]. The present work suggests that the
formation of adsorbates which participate in the
ESD and PSD of excited CN from alkal:-halice
crystals and alkali metals proceeds by a reactive
mechanism involving both dissociation and re-
combination processes.

Incident electrons or photons may also stimu-
late surface processes (adsorption, dissociation,
recombination, and descrption) by creating bulk
and surface defects, changing surface stoichome-
try, modifying the surface structure, and breaking
bonds on the surface. Electron-stimulated ac-
sorption (ESA) (19), an enhancement of adsorp-
tion initiated by electron irradiation, can be an
important step in surface reactions. ESA and its
relation to surface reactions have been reviewed
by Pantano and Madey {20]. Photon-induced rup-
ture of bonds on surfaces appears to play an
important role in photon-stimulated processes in-
volving adsorbates on surfaces. Unfortunately,
very little is as yet known, either experimentally
(21] or theoretically {22], about photodissociation
or: solid surfaces. It is therefore of great interest
{0 investigate other radiation-altered surface pro-
cesses as well as stimulated desorption.

We report below new measurements which for
the first time link electron- and photon-stimu-
lated desorption (ESD and PSD) of excited CN
molecules from aikali-halide and alkali-metal sur-
faces 10 the exposure of these surfaces to gaseous
CO, and N,. The results show that the desorp-
tion vield grows as 2 (unction of the exposure of
these surfaces (o the gaseous molecules, and that
the growth is strongly enhanced by pre-irradia-
tion of the aikali-halide surface. The data indi-
cate that incident electron and UV photon radia-
tion serve two important functions: (1) incident
radiation metallizes the alkali-halide sucfaces
which significantly enhance the surface CN for-
mation process upon subsequent gas exposure,
and (2) incident radiation leads to direct scission
of the surface-CN bond. These measurements
give information on the dynamics of making and
breaking of bonds on surfaces and provide insight
into refated techrnological applications such as
surface catalysis, crosion, surface damage, and
lithography.



Jun Xu et al / Excited CN moltcuk; elecironically desorbed from aikali-rich surfaces 3

2. Experimental details

The experimental setup, shown in fig. 1, con-
sists of an ultrahigh vacuum (UHV) system, which
operates at a base pressure about 3 X 10~°° Torr.
The inciden! radiation was either electrons or
synchrotron radiation. The samples were alkali-
halide crystals and alkali metais which could be
heated or cooled.

Used was a low-energy, high-brightness elec-
tron gun consisting of a diode extraciicn source
and a three-element refocusing lens, similar to
the design of Stoffel and Johnson [23]). A heated
osmium-coated dispenser cathode emitted elec-
trons with an energy spread of 0.1 tc 0.2 eV. The
electron beam energy was adjustable in the range
of 10 to 1000 eV, with electron current ranging
from 20 to 400 uA. The beam diameter varied
frora 1.5 to 5 mm.

The photon measurements were carried out at
the University of Wisconsin Synchrotron Radia-
tion Center (SRC) using the Vanderbilt/SRC
joint beamline. The beamline features a com-
puter controlled 6-meter toroidal grating mono-
chromator delivering dispersed light in the range
from 9 to 190 eV. A differcntial pumping station
is located between the beamiine and the experi-
mental chamber resulting in a S orders of magni-
tude difference of pressures between the beam

Chilier controller

line and the working chamber. At the plane of
the sample, the beam spot was 2.7 mm high by 7.4
mm wide. A 93% transparent nickel mesh was
mounted in the beamline and used to measure
the beam flux.

The alkali-halide crystals were purchased from
Harshaw. The crystals were cleaved in  ai:,
mounted with their (100) surfaces facing the beam
and heated under UHV conditions for cleaning.
Alkali-metal surfaces were obtained by evapora-
tion from SAES alkali dosers onto a glass slide.
To obtain thick metal layets, we cortirued the
dosing until there was no optical transmissior.
These evaporated surfaces are referred 1o here-
after as alkali-metal surfaces. The sampie tem-
perature could be varied from 58 to 800 K An
XYZ-adjustable closed-cycle helium cooler was
used for low-temperature experiments. A piece of
sapphire was mounted betwee:. ‘he sample holder
and the cold finger, since sapphire has a high
heat conductivity at low temperatures (70 K), and
is thermally insulating at high temperatures
(>30¢ K). A chromel-alumel thermocouple,
placed in thermal contact with the sample sur-
face, measured temperatures greateﬂhan room
temperature, and 2 chromel-gold thermocouple.
was used for temperatu- -~ lower than room tem-
perature. Dosing gases were admitted to the
chamber through two Varian lezk valves allewing

QRA conrolier

CAMAC

TMTIS  GBes:
"“"l YIC Y43

Fig. 1. Expenimentai ccnfiguration used for ise O desorplion experimients.
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the partial pressures of two gases to be controlled
in the range of 1.0 X 107'? t0 1.0 X 10~¢ Torr.

Optical emissions from the samples duc to
electron or photon bombardment were imaged
onto the entrance slit of a McPhereson 03-m
monochromater. A 1200 lines/mm grating (5000
A blaze) was used for fluorescence measurements
from 2000 10.8000 A; and a 2400 lines/mm
grating (3000 A blaze) was used to measure the
rotational distribution of the desorbed CN*
molecule. Photons were detected by a cooled
photomultiplier tube (PMT), operated in 2
pulse-counting mode. Stepping motor grating
controls and pboton counting scalers were inter-
faced through a CAMAC unit to an Apple Mac-
intosh computer. A quadrupole gas analyzer
(QMA) was used to detect residual gas, dosing
gas, and outgasing due to desorption.

3. Results

3.1. Optical emission due to elecsron and photon
bombardment

Bombardment of alkali-halide snrfaces with
electron or synchrotron radiation produces opti-
cal emissions arising from defect recombination
in the bulk, from excited bulk-impurity molecules,
and from desorbed excited molecules and atoms.
These three features are st.lown prominently in
fig. 2 which is a 2000-8000 A spectrum from KCl!

(&}
T

SR |

N

o‘ .’J‘;,’g\/ ax ,\J VA |
3500

200C S000 €500 acxe
WAYELENGTH (A]
Fig. 2. Typical optical 2mission spectrum in the sange 2000~
8000 A due 10 zero-order synchrotron light bombardment on
a single crystal KQl surface at room temperature. The surface
was exposed 10 gasecus CO, + Ny (1:1) 3¢ 1.OX 107 Torr.

———

-~

+ LUORESCENCE YIELD (C15)

under synchrotron light bombardment at rcom
temperature.

The continugus fluorescence in the range of
3500 to 5500 A is luminescence accompanying
defect recombination [24). The nine bands be-
rween 2000 and 3500 A (observed here also in
second order) is due to optical cmission from
excited CN~ impurities in the near-surface bulk
(25). By noting the energy of the emitted photons,
we have determined that the obterved CN™ ex-
cited state is at least 5.6 eV above the ground
state. If the CN~ molecules were in the gas
phase, this energy would be large enough to
reach the gas-pbase ionization limit of 3.8 eV
[26). Thus the gas-phasc CN~ excited state would
result in neutralization (CN + ¢) rather thao de-
excitation by optical emission as observed. How-
ever in alkali-halide lattices, the ionization poten-
tial of CN- is raised to about 10 eV (27} For this
case, the neutralization channel is not available,
Instead optical de-excitation provides 3 readily
available relaxation channel for excited CN™ im-
purities in bulk alkali halides in agreement with
experimental results.

. The narrow band feature at approximately 3870

A arises from excited CN desorbed from the KCl
surface. This feature was identified in ref. {11] as
the ON B2S*— X2 * transition. This character-
istic emission attributed to the decay of a free
excited CN* molecule above the surface has been
also observed for LiF, NaF, NaCl, KBr, and Csl
crystals, and for lithium-, sodium-, potassium-.
and cesium-metal surfaces, under ejectron bom-
bardment.

Opticai radiation arising from above the sur-
face can be distinguished from bulk radiation by
measurements of the spatial location of the emis-
sion, as shown in fig. 3. This figure is a plot of the
intensities of optical emissions {rom CN*, from
CN-* radiating in the bulk, and from other bulk
excitations versus the position of the image of the
300-xm spectrometer slits as the sample is trans-
lated along the beam direction. The emission
arising from the CN~ impurity and the bulk
fluorescence appears along the whole crystal, with
an enhancement on the front and rear faces of
the sample. The distance between the two peak
matches the thickness of our sample, 2.2 mm. fr
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Fig. 3. Position dependence of optical emission arising frem
CN®, bulk impurity centesr CN~° and bulk fluoreseence due
to zerc-order synchrotron light bombardment on a single
crystal KQ surface at room temperature. The surface was
exposed to gaseous CO, +N, (1:1) at 1.9%1077 Torr. The
z-axis is the manipuiator reading representing the distance
be:ween the optics focus region and the front surface of the
sample.

contrast, th: optical emission from neutrai ex-
cited CN can be seen only in front of the surface.
This confirms that the CN*(B) radiation anses
from just above the surface.

3.2 Enhancement of CN* ESD yield due to CO,
and N, exposure

Fig. 4a shows the time-dependent growth of
excited CN desorption yield under 110 x A, 200
eV electiron bombardment on KBr(100) surfaces
as the surface was exposed to gaseous N, at two
dosing pressures, 2.0 X 10~% and 5.7 X 10~¢ Torr.
The piot is the CN* emission yield versus the
exposure lime at a constant N, pressure. The
surface was irradiated by a beam of 200 eV
cicctrons for four hours prier to gas dosing. Note
that the CN* desorption yvield grows with the
exposure time and that the growth tends to satu-
rate at a level characteristic of the pressure. The
growth of the electron-induced CN* desorption
yield under gaseous N, exposure has also been
investigated for KCl and LiF surfaces, as shown

in figs. 4b and 4¢. The desorptioa vields for all
surfaces show a similar monotonic increase with
N, gas exposure but differ with regard to the
time to reach saturation. The rise times, defined
as the time to reach 90% of the saturation yield,
are 20 min for KCl, 19 min for KBr and about 40
min for LiF. Note that the time constants for KBr
and KCl surfaces are essentially the same, but
markedly different from that for the LiF surface.
This correlation suggests that the parent bond
from which desorbed CN * arises is the the bond
between surface metal and CIN where for these
measurements, the metal is either lithium or
potassium.

In another experniment, a KCl surface, bom-
barded by 300-eV electrons at a constant curient

a) 5.7e-08 Terr
zw 1 ® oo b -

: 2.0e-08 Torr

KBr

104 KCi

CN° Desorption Yioid ( Counts/Sec)
H
vt
[ ]

ey
m .. ae s

-
a®

]
i
100{  .-° LF |

0
0 10 20 30 40
Exposure Time (min)

Fig. 4. Growth curves of CN® desorption yields as a function
of time during gas exposure and electron-beam dosing: (a)
KBr sample exposed 10 gaseous Ny at 2.0x10°* Torr and
5.7%10"% Torr under 110 xA, 200 eV electron bombard-
ment, () KQl sample exposed to gascous N; at 5.0x 10"
Torr and (c) LiF sampie exposed to gaseous N, at 5.3x 1C~*
Torr under 100 x A, 200 eV electron bombardment. Subsirate
temperature for these experiments was 60 K.
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Fig. 5. The CN* descrption yield measured for a given KCi
surface as a function of lime under various gas exposure
conditions: (1) a clean KC1 susface, (1D the same KQl surface
exposed ©0 N, (1.2x10™* Torr) and (I1I) the KQ surface
additionally exposed to CO, (3.2X10~* Torr). The lighter
solid line is a plot cf total pressure as a function of time. The
ncident eleciron beam energy was 300 eV with a constant
current of 100 2 A. Substrate temperature for this experiment
was 60K

of 100 A, was dosed sequentially first by N; and
then by CO,, as shown in fig. S. This figure is a
plot of CN* emission yield (dark line) and gas
pressure (weak line) as a function of time. Ini-
ually, there was no external gas introduced into
the chamber. Under these circumstances a small,
constant CN® descrption yield was observed.
When the surface was exposed to gaseous N, at a
constant pressure of 1.2 X 102 Torr (beginning
at the time indicated by the first arrow), the CN *
desorption yield increased toward saturation.
Later, the surface was exposed to gaseous CO; at
a constant pressure, 3.2 X 1078 Torr, concurrent
with N, exposure. As shown in the figure, the
CN* desorption yicld increased dramatically. The
ratio of the saturation yields attributable to the
combined CO, and N, gas exposures is 8.9, which
is significaptly larger than the ratio of partial
pressures of CO, and N,, which is 1.7. This
indicates that simultaneous dosing of CO; and
N, gases results in a significantly higher CN*
desorption yield than N, dosing alone. We ob-
serve similar effects for KBr and LiF substrates.
Thus we find that the CN* desorption yield
markedlv increases when alkali-ha2lide surfaces

Jun Xu et ol 7 Excited CN molecules eiecironically desorbed from alkali-rick surfaces

arc exposed 1o gascous N, and CO, under elec-
tron or photon irradiation. In addition, we be-
lieve that the small yields measured under condi-
tions of no external dosing are due 10 residual N,
and CO, gases normaily in the chamber even
under ultzabign vacuum conditions.

3.3. Enhancement of CN ™ PSD yield due 10 CO-
and N, exposure

Fig. 6 displays optical spectra arising from
zero-order synchrotron radiation incident on 2
glass surface, with and without a thick layer of
potassium metal, and with and without CO, + N,
exposure. Initially the clean glass sample was
bombarded by photons in situ for 20 min; fig. 62
shows the resulting optica! emission. The contin-
uous fluorescence is ¢  to recombination of
defects created by phc u bombardment in the
glass {28). Next, potassium was evaporated onto

800

FLUORESCENCE YIELD (COUNTS/SEC)

1000[’ . L‘L‘ !

(4] ——

e ; &

3c00 4000 5000 6009
WAVELENGTH (A)

Fig. 6. Optical emission spectra due to Zero-order synchrotron

light bombardment (a) on a clean piece of glass, (b) on 3

potassium-covered glass surface, (c) on a potassium-coverec

surface with exposure of the surface to gaseous CO, <N,

(1:1) 3t £.0x10~" Torr for 2 min, and (d) on a potassium-

covered surface following gas exposure (CO. +N, (1:1) a¢
1.0% 10~ 7 Tors) for 30 min at room temperature.
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the surface. The resulting optical emission spec-
trum is shown in fig. 6b, where the bulk fluores-
cence intensity is reduced due to the presence of
the potassium layer. Then the potassium-covered
surface was exposed for two min to 2 one-to-one
mixture of CO, + N, at a pressure of 1.0 x 1077
Torr. The resulting spectrum, fig. 6¢c, shows a
featurc at 3870 A which we attribute 10 the decay
of desorbed CN*. Finally, after 30 min of the
CO,; = N, (1:1) exposure with simultaneous pho-
ton irradiation, the intensity of the characteristic
line is markedly enhanced as shown in fig. 6(d).
We can conclude from these measurements that
.photon-stimulated CN* desorption is greatly in-
creased with CO; + N, exposure. On a clean
glass surface, CN* desorption was not olserved
under photon bombardment and simultaneous
CO, + N, exposure. Similar enhancement of CN *
desorption yields due to CO, + N, exposure were
observed from KCl, and from sodium- and
lithium-covered glass surfaces.

J.4. The role of pre-irradiation in the enhancement
of CN'* desorption yield

Three additional cxpeniments were performed
which show that the marked increase 1n the CN*
desorption yield is observed only after the alkali-
haiide surface is pre-irradiated with efectrons or
photons.

The first experiment determined the depern-
dence of the CN* desorption yield on the sam-
ples' radiation historv. The results are shown in
fig. 7, for the case of 300-eV electron bombatd-
ment of KCl surface at 60 K. CN* desorption
yield measurements were made for a wide range
of pre-radiation doses (defined as the pre-radia-
tion tme muitiplied by the electron current in
units of A h). The CN * desorption yiclds, plot-
ted as a function of the exposure time, reach
saturation values which are strongly dependent
on the pre-radiation dose. The inset in fig. 7
shows that the saturation values plotted as a
function of pre-irradiation dose tend toward satu-
ration. For a typical current of 130 uA, ninc
hours were require to reach saturation, as shown
in fig. 7. -

Eeztron-Geam Ocse:

—
1
1

123$ ("owr uA)

CN" Desomption Yield (Cournts/Sec)

Time (min)

Fig. 7. CN*® desorption yiclds from a KCI surface a1 60 K

plotted as a function of iime exhibiting the influence of gas

exposure, CO, + N, (1:1) at 1.0x 107 Torr, for a variety of
electron-beam integrated doses.

The second experiment involved 3 measure-
ment of the difference in the CN*® PSP yield for
a KCl surface with and without pre-irradiation.
Desorption was measured under zero-order syn-
chrotron light bombardment at 300 K and with
exposure to gaseous N, and CO,. Fig. 8a shows
the time-dependent yield after 18 h of pre-irradi-
ation by zero-order synchrotron light prior to the
gas exposure. Fig. 8b shows the yield obtained
with no pre-irradiation. Except for the radiation
history, both experiments were carried out under
the same conditions, yet the saturation rise time
for the pre-irradiated sample is smaller by a
factor of approximately three.

The third experiment involved a measurement
of the difference between the CN* desorption
vicld for a spot pre-irradiated by 300-eV elec-
trens and the vield for the rest of the sample,
which had no radiation history (fig. 9). A KCl
sampie was cleaved in air and annecaled at 450°C
in UHV for four h before the surface was cooled
to 60 K. A single spot on the surface was pre-
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Fig. 8. ON® desorption yields from KCI surfaces with and
without photon pre-radiation at room temperature under
zero-order syncheotron light bombardment in the presence of
CO, +N, (1:1) at 1.0% 1077 Torr. (a) CN* desorption yield
for a KC1 sample plotted as a function of time for no prior
synchroiron light dosing. For this mcasurement gas exposure
commenced at the 9 minute mark (b) CN® desorpticn yield
for a KC) sample plotted as a function of time which prior to
this measurement had expenenced 24 h of synchrotron light
dosing. Gas exposure commenced at the 3 min maik.
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Fig. 9. CN* desorption yields plotred as a function of distance

for a path directed along a KC1 sample surface. The path of

measurement on the surface intersects a spot pre-irradiated

by 300 eV electrons 3! a current of 80 uA for {2 h. The rest
of the sample had not previously been irradiaied.

irradiated by 300-eV electrons for 12 b; and the
surface was then exposed to gaseous CO, and N,
at a combined pressure of 1.0 X 10~7 Torr. The
measurcments of the position-dependent desorp-
tion yields began after the dJesorption yields
reached saturation. The CN* desormption yield
exhibited a maximum at the center of the pre-
irradiated spot. Note that the yield greatly less-
ened as the electron beam moved to regions of
the surface of the sample which had little or no
previous electron-beam radiation history.

In addition, we have observed that pre-irradia-
tion of a sodium-metal surface by an electron
beam does not enhance the CN* yield, whereas
the pre-irradiation of a NaCl surface cicarly en-
haaces the CN* desorption yield. Ail of these
experiments indicates that the pre-irradiation
produces alkali-metal-rich surfaces on alkali-
halide crystals.

4. Discussion and conclusion
4.1. Surface metallization

Our data strongly suggest tha® surface metal-
lization is required for CN formation on alk:li-
halide surfaces. As shown above in figs. 7, 8, and
9, the formation of CN on alkali-halide surfaces
requires pre-irradiation by either electrons or
photons. Incident electron or UV photon radia-
tion not only serves to stimulate the desorption of
excited CN but aiso plays a role in precondition-
ing the alkali-halide surfaces for subsequent CN
formation. It is extensively documented that clec-
tron {29-31]) and photon [32} bombardment can
induce the accumulation of excess metal on al-
kali-halide surfaces. Thus, we belicve that there is
a crucial relationship between the process of ra-
diation-induced metallization of alkali-halide sur-
faces and the concentration of surface CN lead-
ing 1o CN* desorption.

Surface metallization is understood in this work
as a defect-mediated process. Incident photon or
clectron bombardment deposits energy in the near
surface bulk by hole creation [33). This devosited
enesrgy may generate a Freckel pair, which con-
sists of a halogen vacancy with an electron (F-
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center) and a (halogen); molecular ion (H-
center), either in the near surface bulk or on the
surface [34]. Halogen atoms, originating at the
surface H-centers, may be emitted from the sur-
face [35]. The F-centers remaining on the surface
neutralize excess metal ions left following the
halcgen emission. Thus, electron or photon bom-
bardment on an alkali-halide surface produces
surface metallization. :

4.2. CN formation on alkali-rich surfaces

Our data show that the clectron- and photon-
stimulated CN * desorption yields grow with sur-
face exposure to CO, or/and N, gas. The des-
orption yields are a function of the concentration
of the parent adsorbate (this function is compli-
cated since adsorption sites, coadsorbates, de-
fects, and diffusion may all affect the desorption
yields). Thus, our experimental results imply that
the amount of CN adsorbed on the surface grows
with CO, and N, exposure. In addition, we have
observed a small amount of CN* emission from
the surface under ultrahigh vacuum conditions.
In fact, CN*™ emission in the absence of external
dosing was obscrved to increase when residual
gas pressure increased. Because of the observed
enhancement of CN* desorption vield due to
CO. and N, dosing, we believe that the CN*
desorp.ion from alkali-halide surfaces in the ab-
sence of external dosing [11] anses from residual
CO, and/or N, gases.

Formation of molecular adsorbates can occur
either from dissociation of large molecules on
surfaces [16] or from the recombination of two
individually bound atoms [17,18). The present
work suggests that the CN formation process on
alkaii-hatides involves molecular dissociation on
the surface followed by recombination. In the
dissociation process, CO, and N, molecules de-
compose on the pre-irradiated surfaces into their
constituent 2toms. Next is the recombination of
these atoms into a new molecule which includes
CN as one of its contituent pazts.

An important question is what is the identity
of the bond present on the pre-irradiated alkali-
halide surface prior to CN * desorption. Our daia
provides evidence t.  here is a definite correla-

tion between the presence of surface metal and
the characteristics of eclectronically desorbed
CN*, which strongly suggests that the parent
bond of the desorbing CN* is the ionic bonding
between surface alkali and CN moiecule. Three
important classes of measurements support this
coaclusion.

The first class of measurements discussed
above, relates the rise-time of electronically des-
orbed CN* (which is rejated to surface CN con-
centration) to the alkali component of alkali
halide, as shown in fig. 4. Clearly, the halide
component is not important.

The second class of experiments described in
ref. [36) shows that the rotational distributions of
desorbing CN* are systematically correlated to
alkali components of alkali-halide and alkali-
metal substrates. Alkali metals and alkali-halides
with the same alkali component, give arise to the
same rotational distribution. The distribution is
found to be independent of the halide component
of the substrates.

The third class of experimental evidence is
that the excitation function of desorbing CN* by
photons exhibits resonance structure (16 and 20
eV) for both potassium metal and KCl surfaces.
independent of the chloride component of KCi
substrate [36].

In all these cases, there exists 8 strong system-
atic correlation between the alkali component
and the desorbing CN* which suggests that CN
is bonded to the surface alkali.

4.3. Mechanism for the desorption of excited CN

As shown above, the presence of alkali-CN on
the surface is essential to the desorption phezom-
ecna observed. Also, the data suggest that the
mechanism responsible for breaking the bond of
alkali-CN is desorption induced by clectronic
transitions (DIET) [37). Specifically, the parent
alkali-CN is excited clectronicaily from its bound
state 1o an anti-bonding state.

An important question is the nature of the
anti-bonding state participating in the observed
desorption of excited CN in the B state. The B
state of neutral CN may be formed directly by the
40 — So excitation of the CN molecule or by the
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4¢ ionization of ground state CN ™. Our present
results cannot determine whether the surface CN
is bended to one or two or possibly more metal
atoms (c.g., K,). However, it is reasonable to
assume that the alkali-CIN bond is primarily ionic,
and hence that the 4o ionization channel of
K>~CN~ systemresultsina K@f-CN(B) cationic
repulsive state. As discussed in ref. [36], we ob-
served a resunance peak at 16 eV in the photon
energy dependent yield of desorbing CN* from a
potassium metal surface, which is close to the
calculated value (17 eV) of the 4o ionization
energy for a similar system, CN adsorbed on Ni
metal [39]. These considerations suggest that the
K, -CN~ system is raised to an antibonding
(K,CN)" state by the ionization of the CN~ 4o
state, and the desorption of CN in the B state
results.

Another possible channel for surface CN loss
in addition to desorption is that CN ~may diffuse
from the surface into the near surface bulk. In
order to test this hypothesis, we m-asured the
characteristic CN~ UV radiation arisiny from the
near surface bulk, which was obszrved to increase
with exposure to gaseous CO, + N; under syn-
chrotron UV photon bombardment. This obser-
vation is consistent with Nakagawa and co-
worker's earlier observation [14). Consequently, it
is clear that an important source of the CN~
impurity in the near-surface bulk is surface expo-
sure to gascous CO, + N,. This indicates that
surface CN, probably in the form K;-CN~, is an
important intermediate step in the formation of
CN~ impurities in the near surface bulk just as it
is an important intermediate step in the desorp-
1on process.

In conclusion, the origin of ESD and PSD of
excited CN from aikali-metal and pre-irradiated
alkali-halide surfaces has been found to be inti-
mately related to exposure of the surfaces to CO-
and N, gases. For alkali-halide surfaces, electron-
and photon-induced metallization of alkali-halide
surface is required for alkali-CN formation. The
data suggest a new desorption model which can
be described as a three-step process: (1) pre-
irradiation of alkali-halides results in alkali-
metal-rich surfaces via a defect-mediated process,
(2) a surface reaction produces alkali-CN

molecules on the surface when the alkali-rich
surface is exposed to CO, and N; prior 1o des-
orption, and (3) an electron or photon bombard-
ment breaks the (alkali)*-CN~ bond and induces
electronic descrption of excited CN molecules
from the surface.
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